Molecular modeling benzo[a]pyrene N2-dG adducts in the two overlapping active sites of the Y-family DNA polymerase Dpo4.
The potent, ubiquitous environmental mutagen/carcinogen benzo[a]pyrene (B[a]P) induces a single major adduct [+ta]-B[a]P-N2-dG, whose bypass in most cases results in either no mutation (dCTP insertion) or a G-->T mutation (dATP insertion). Translesion synthesis (TLS) of [+ta]-B[a]P-N2-dG generally requires DNA polymerases (DNAPs) in the Y-family, which exist in cells to bypass DNA damage caused by chemicals and radiation. A molecular dynamics (MD) study is described with dCTP opposite [+ta]-B[a]P-N2-dG in Dpo4, which is the best studied Y-family DNAP from a structural point of view. Two orientations of B[a]P-N2-dG (BPmi5 and BPmi3) are considered, along with two orientations of the dCTP (AS1 and AS2), as outlined next. Based on NMR studies, the pyrene moiety of B[a]P-N2-dG is in the minor groove, when paired with dC, and can point toward either the base on the 5'-side (BPmi5) or the 3'-side (BPmi3). Based on published X-ray structures, Dpo4 appears to have two partially overlapping active sites. The architecture of active site 1 (AS1) is similar to all other families of DNAPs (e.g., the shape of the dNTP). Active site 2 (AS2), however, is non-canonical (e.g., the beta- and gamma-phosphates in AS2 are approximately where the alpha- and beta-phosphates are in AS1). In the Dpo4 models generated herein, using the BPmi3 orientation the pyrene moiety of [+ta]-B[a]P-N2-dG points toward the duplex region of the DNA, and is accommodated without distortions in AS1, but with distortions in AS2. Considering the BPmi5 orientation, the pyrene moiety points toward the ss-region of DNA in Dpo4, and sits in a hole defined by the fingers and little fingers domain ("chimney"); BPmi5 is accommodated in AS2 without significant distortions, but poorly in AS1. In summary, when dCTP is paired with [+ta]-B[a]P-N2-dG in the two overlapping active sites in Dpo4, the pyrene in the BPmi3 orientation is accommodated better in active site 1 (AS1), while the pyrene in the BPmi5 orientation is accommodated better in AS2. Finally, we discuss why Y-family DNAPs might have two catalytic active sites.